The rapid solidification that occurs during additive manufacturing processes results in a cellular structure with compositional variation across the cell boundaries. It has been shown that the dislocation interaction with the cell boundaries defined by this compositional microsegregation can impact the yield strength of the material [1]. While the Vicker's Hardness method can be used to measure the hardness of a bulk material, this technique cannot be used to measure the hardness of individual cell boundaries because the required indentation diagonal, 17 µm [2], is much larger than the 1-2 um solidification cells. Nanoindentation, however, uses indent loads between 1 uN to 100 mN to measure localized hardness of a material within a small area. The ability to measure hardness within a small volume of the material makes it a promising technique for isolating the mechanical properties of the distinct microstructural features in these materials that occur at the micron and submicron length scale.
The rapid solidification that occurs during additive manufacturing processes results in a cellular structure with compositional variation across the cell boundaries. It has been shown that the dislocation interaction with the cell boundaries defined by this compositional microsegregation can impact the yield strength of the material [1] . While the Vicker's Hardness method can be used to measure the hardness of a bulk material, this technique cannot be used to measure the hardness of individual cell boundaries because the required indentation diagonal, 17 µm [2] , is much larger than the 1-2 um solidification cells. Nanoindentation, however, uses indent loads between 1 uN to 100 mN to measure localized hardness of a material within a small area. The ability to measure hardness within a small volume of the material makes it a promising technique for isolating the mechanical properties of the distinct microstructural features in these materials that occur at the micron and submicron length scale.
The goal of this study is to combine nanoindentation and microscopy techniques to understand the contribution of distinct microstructural features to the overall strength of additively manufactured 304L stainless steel. With the small length scale of the nano-indenter, it is possible to individually probe the hardness of features such as the cell boundaries mentioned above, the retained ferrite, grain boundaries, and oxide inclusions. The overall strength of this material can then be understood by considering the contributions of each of these features and their interaction with each other. Figure 1a ) shows a typical etched optical micrograph of DED 304L where the individual build layers and melt pools are visible and outlined in red. Figure 1b) is a higher magnification image where the solidification cells and ferrite are now visible. Figure 1c) shows an SEM micrograph of an array of indents, and after indentation, their vicinity to the various microstructural features can be determined with SEM. Figure 2 a) and b) show a corresponding SEM micrograph and EDS map (Cr in green, Ni in red) that demonstrates qualitatively the Cr-enrichment at the cell boundaries. Figure 3 a) and b) show typical scanning probe microscopy images after indentation, and c) shows the corresponding load-displacement curves that demonstrate the material response depends on the details of the microstructural environment being interrogated. Combined nanoindentation and microscopy measurements like these are important tools that provide insight into microstructure-property relationships in these complex materials [3] .
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